Abstract.-DNA isolated from skin epitheliomas containing papovavirus induced lymphomas within four to eight weeks in 40 to 50 per cent of newborn Syrian hamsters injected. This DNA effect was eliminated by DNase but not by RNase and was not induced by DNA preparations of transplanted epitheliomas or the induced lymphomas. Lymphomas were similarly induced by cellfree filtrates from certain human tumors such as gastric carcinomas and ovarian tumors. Little or no lymphoma effects were observed following injections with filtrates derived from normal human or animal tissues or human blood. The lymphomas induced by DNA and human tumors were transmissible by cell-free filtrates to newborn Syrian hamsters; however, successful serial passage, like the primary lymphomas induced by the DNA preparations, depended upon the use of a newborn hamster from a special breeding colony of hamsters.
Introduction.-In previous publications, we reported both the spontaneous incidence of multiple skin epitheliomas (papillomas) containing large numbers of papovaviruses in Syrian hamsters1 and an associated induction of leukemias, predominantly lymphomas.2 The latter originated in almost every case in the liver of Syrian hamsters which as newborns had been treated with cell-free filtrates from the hamster skin tumors. The hamster lymphomas, which were separately transmissible by cell-free extract, contained a virus with the morphology of the C-type murine leukemia virus; interestingly, the papovavirus present in skin tumors could not be detected in the lymphomas by electron microscopic examination. Herewith, we report additional results concerning especially the induction of hamster lymphomas by DNA from spontaneous skin epitheliomas containing papovavirus. In addition, experiments are briefly described in which the lymphomas also appeared in significant numbers after subcutaneous inoculation of hamsters with filtrates derived from certain human tumors.
Materials and Methods.-DNA was isolated from tissues of primary skin epitheliomas containing papovavirus. The tissue was either freshly excised or frozen at -80'C. The tissue (about 2 gm/preparation) was homogenized in 20 ml of 2% sodium dodecyl sulfate (lysing medium), and dissolved at 0C for 30 min. Using this method, DNA was prepared not only from primary hamster skin epitheliomas but also, in some experiments, from transplanted hamster skin epitheliomas as well as from hamster lymphomas induced by cell-free filtrates of papovavirus induced skin tumors.2 DNA was then inoculated into newborn hamsters according to the procedure described previously.3 Filtrates obtained from freshly excised human tumors4 from various normal tissues (human, rat, guinea pig, hamster, and rabbit) and from a large quantity of various transplanted tumors of mice, rats, and Syrian hamsters (chemically induced sarcomas) were prepared according to a method previously published for the isolation of material from hamster skin tumors and lymphomas.8 The material was extracted in Hank's salt solution, diluted 1:10. Doses of 0.2 to 0.3 ml were inoculated subcutaneously into newborn hamsters of a colony largely free of spontaneous tumors but known to be susceptible to the cell-free transmission of the hamster lymphoma virus.3 Whole human blood specimens from different blood groups (A, B, AB, 0 positive and negative RH) were also injected into newborn hamsters.
Syrian hamsters used for these studies were from a small random-bred colony started from two pairs of hamsters purchased from a commercial breeder. Observations of over 300 normal breeding animals up to a year of age revealed a zero incidence of spontaneous tumors. This special strain or colony, however, was found to be particularly susceptible to cell-free transmission of a lymphoma virus derived from lymphomas induced in hamsters following inoculations of a recently discovered papilloma-inducing papovavirus of the hamster.s1 3 Apparently the susceptibility to induced-lymphoma expression exhibited by the special colony of hamsters is present in only some of the hamsters because the highest incidence of induced lymphomas observed seldom exceeded 50%.
Results and Discussion.- Table 1 presents the results obtained with DNA from hamster skin epitheliomas containing papovavirus. The total nucleic acid as Tables 1 and 2 varied between  8 and 16 months, averaging 12 months. well as its solution after RNase treatment had a strong leukemogenic effect in Syrian hamsters (40-50%0 positive). Since the same NA solution had practically no leukemogenic effect after treatment with DNase, it appears that the DNA is responsible for the leukemogenic effect. Extensive exposure of the NA to pronase did not neutralize the leukemogenic effect; therefore, any contamination of the DNA solution by virus particles being still intact seems unlikely. The lymphomas originated mostly in the liver and in the thymus. Hematologically they were mostly of lymphatic type, more rarely of erythroblastic, reticulosarcomatous, and myeloid types; as described previously for the transmissible lymphoma virus, the latency period was generally four to eight weeks.
DNA from the lymphomas induced by papilloma tumor filtrates and DNA from transplanted hamster skin epitheliomas were without effect. Although spontaneous primary papillomas contained large numbers of papovavirus, we have not as yet succeeded in detecting papovavirus in the transplanted papillomas by electron microscopy; however, typical C-type RNA leukemia-virus particles were regularly demonstrable in the lymphomas induced by the papilloma tumor filtrates. Unlike the extracts from the induced primary lymphomas, cell-free filtrates prepared from transplanted hamster-skin epitheliomas did not induce lymphomas; thus resembling transplanted rabbit carcinomas arising from Shope's rabbit papillomas6 which also do not contain infectious virus.6 Recent observations revealed that filtrates from primary hamster skin epitheliomas were leukemogenic at a dilution of 10-6.7 In summary, it seems clear that the hamster papovavirus or its DNA, respectively, acts as an inducer of lymphomas.
Interestingly, electron microscopic examinations did not reveal papovavirus particles in the induced lymphomas; instead C-type virus particles very similar in structure to the murine leukemia viruses were seen. The latter virus particles may represent the actuating cause of the lymphomas since they were regularly transmitted cell free to other newborn hamsters.3 It seems likely that the leukemogenic effect of the papovavirus and of its DNA was due to the activation of a latent virus already present in the hamsters. It is of importance that DNA from skin epitheliomas containing papovavirus as well as cell-free filtrates from these tumors were effective only in a special hamster colony largely free of spontaneous lymphomas and skin epitheliomas (see Materials and Methods). Negative results were obtained in a commercial hamster colony in which lymphomas were known to occur spontaneously.
As already mentioned, filtrates from certain human tumors revealed also a significant leukemogenic effect after inoculation of newborn hamsters (see Table  2 ) of the special colony described. Filtrates from certain malignant human tumors, mainly carcinomas (ovary and stomach), inoculated subcutaneously into newborn hamsters, also have a significant leukemogenic effect. Repeated experiments using the same tumor material previously frozen gave the same results. The hamster lymphomas induced by the human tumor filtrates were transmissible by means of cell-free extracts in newborn hamsters; 15 lymphomas were observed in 35 animals, or 43 per cent.
Other human tumors, especially sarcomas and fibromas, various human normal tissues, transplanted tumors, and normal tissues from different animals, either 
